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This application is mode under the act of 
March 3, 1.883, as amended by the act of April 
30, 1928, and the invention herein described, if 
paented in any country, may be manufactured 
and used by or for the Government of the United 
Stores of America for governmental purposes 
throughout the world without the payment to 
us of anyxoyalty thereon. 
This invention relates fo protein adhesives, and 
ia paxticular to adhesives comprising the water- 
extractable substances from soybean material 
.ïree from alcohol solubles. The invention bas 
ameng ïk objects to provide an adhesive coaing 
compr/sing this water-extractable substance and 
rations materials bonded therewith by heat en- 
ergizing the dried coatings. 
.Stîtl another object -of his invention is the 
preparation of proteinaceous adhesive coatings 
upon officies such as paper, wood, abrics, met- 
als, metal foil, regenerated cellulose sheeting and 
the like. 
.In application Seïial No. 68,442, 2ïled Dec. 3!, 
1948, Arthur C. Beckel and Paul A. Belter dis- 
close a soybean proteïn adhesive coating, useful 
as a moisure-sensitive adhesive and which is also 
.heat energizable whfle moisi. 
We bave now discovered that tl]is material has 
a further urïique property which rentiers it par- 
icular]y usefu] as a dry heat sealing adhesive. 
in application Serigl .No. 782,941, filed October 
29., 1947, now Patent No. 2,4-95,706, Letta L 
De Voss, Arthur C. Beckel, and.Paul A. Belter dis- 
close a vegetabte .gel maaufactured by heating an 
aqueous suspension of the wa?er--extractable sub- 
stance obtained from alcohol solubles free soy- 
bean material. 
According fo that application, the spray dried 
slids ïT0m the wer extract may be dispersed 
in water and heated to temperau'es of 150 ° F. 
upward to form an irreversle .gel. ;Smilarly, 
t.he aqueous ex[.ract ïtself may be heated ço orm 
the gel in ranges .o 1:0 to 50 percent solids. We 
bave discovered that aqueous suspensions of his 
tFpe, wh-en coated upon paper, wood, and other 
surfaces, and dried re capable of forming 'a 
strong water-resistant bond by t:he -application 
of heat and mfld pressure. 
A small amoun of moisture appears necessary 
to form he heat-sealed bonds according o this 
vention. Neverheless, 11 seals which we bave 
tested contained sufficien moisture ai equilïbri- 
um Wih the atmosphere. For 11 practicl pur- 
poses the seals belote heat enegizi-ng were dry 
to %he uch, non-tacl., and non-blocking. The 
dry adhesïve coating is not hygroscopic or .sensi- 
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tire fo or-dinary atmospheric conditions of tem- 
perature or humidity. In this specification the 
terre "dry" refers to air dry coatings, i. e., coat- 
ings that are ai equilibrium with the atmosphere. 
 5 The temperature of sealing ranges from 150 ° 
to 275 ° 1 . lor smooth surface contacts, such as 
metal-to-metal, metal-to-glass, paper-to-paper, 
and the like, only slight pressure is required fo 
insure satisfactory heat sealing. In the case oî 
porous or uneven surfaces, such as wood, leather, 
fabric and the like, higher pressures are neces- 
sary to achieve contact during the sealing. 
The application of the adhesive coating may 
be accomplished by means of a 10 to 70 percent 
15 aqueous dispersion of the soybean protein sub- 
stance. It may be brushed, poured, sprayed or 
otherwise coated on the surface, .or articles to be 
coated may be dipped in the aqueous dispersion. 
Ouf heat sealing process is not limited to the 
20 sealing of fiaZ or smooth surfaces. If may be 
employed for bonding aggregates, such as cork 
granules, wood or other fibers and the like. The 
coating suspensions may be mixed or blended 
with other materials, such as starch, proteins, 
25 formaldehyde, dextrins, and resins to form air 
dry heat energizable adhesive coatings. In addi- 
tion, any desh'able lïller or plasticizer may be 
employed. 
Since the air dry coaZngs have the dual prop- 
30 erty of being moisture sensitive (i. e., serve as 
remoistening adhesives), and hea eneïgizabte, 
the seals may be ruade by first using the coating 
as a remoistening adhesive, as for examp!e, in 
the sealing of an envelope, and subsequently a!- 
35 lowing the seal to dry, then heat energizing the 
seal already formed, as for example, by running 
a hot iron over the envelope..This procedure is 
convenient when desiring to make permanent 
and water-resistant a seal which bas already 
40 been formed. Moreo,er, articles prcpared for 
permanent sealing may be bonded lightly and/or 
temporarily employing the remoistening prop- 
erty, and the temporarily bonded articles may 
be subsequently handled, transported, stored, 
45 and the like before permanent seals are made. 
The following examples iIlustrate the inve- 
tion. 
EXAMPLE 1 
50 The "gelable-materia-1 was produced îrom hex- 
«,ne extracted 'soybean les by alcohol washing 
the flakes anZ suseciue.ïtly exracting wih 
water and s_ray .dryoEng t.he ex,tact in accord- 
anee wifh -the discòsure in .application Seria! 
 No. 78,941, :prevïously mentioned. 
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The sealing adhesive was ruade by applying 
film of an aqueous dispersion of the gel ma- 
terial to the various surfaces and allowing the 
films te dry te equflibrium with the atmosphere. 
The dispersions were of 48 percent solids. ïïqe 
samples of material were sealed in a Carver press 
provided with steam-heated platens. The re- 
sults are summarized in the following table. 

Test No. 

II .............. 
III ............. 
IV ............. 
VI ............. 

Bond 

Paper to paper ...... 
Paper to glass ....... 
..... cio ............... 
Glass fo glass ........ 
Wood to wood ...... 

Vil .................. do ............... 
VIII ........... Paper to metal ...... 
IX ............. ! ..... do ............... 
X ..............  Paper to leather ..... 

Gine 

Tempcr-  . 
atureof a mbl 
Tlme n 
platen____ï_s t sse__y 
F12 2 rein. 
219 ] 3 min. 
245 ] 3 min. 
248 I 3 min. 
252 I 5 rein.: 
250 5 rein. 3 
250 5 min3 
250 I 3 min. 
252 3 min. 
252 I 10 sec. 6 

i D--double glue line, both surfaces coated; S--single glue line, 
one surface coated. 
3 The gino line darkened slightly with a few transparent spots, 
indicating some plastic flow under the conditions of thc test. 
 Pressure of 2000 lbs. per sq. in. 
* A typical plywood application in that the center pieee ws coated 
on each side--pressure of 4000 lbs. per sq. in. 
 Dried film fiaked off where paper was not attached. Also, metal 
to metal because platen stuck to plate. 
 0il oozed out of leaher and the time was shortencd. 
In all cases the seals were stronger than the 
paper or wood bonded. 
E XAVIPLE 2 
A 50-percent dispersion, ruade as in thc above 
example, was coated by brushing on two pieces 
of kraft paper, and the coatings al!owed fo air 
dry over night. The two sheets were then 
placed with the coated sides together an d pressed 
with a moderately warm household iron. A 
strong water-resistant seal formed with amazing 
rapidity. The pieces of paper could hot be torn 
apart without rupturing the paper. 
In general the process of making the gelable 
material involves providing an alcohol-cxtracted 
proteinaceous soybean residue which is substan- 
tially devoid of alcohol-soluble marrer, extract- 
ing a suflicient quantity of this residue with 
water te obtain a mixture of a proteinaceous 
material suspended in an aqueous solution of 
water-soluble constituents. The ratio of water 
fo residue may vary over a wide range. We 
prefer a ratio of 3 fo 10:1, by weight. Aîter 
removal of fibrous, insoluble soybean material, 
this mixture may be dried, as by spray-drying 
te obtain a solid, powdery material. The mix- 
ture, or a similar water suspension of the dried 
material, gels upon heating. The resulîing 
product is an irreversible gel, and if, as well as 
compositions comprising a substantial portion 
of if, retains ifs shape indefmitely ai all tem 
peratures fo which food products are normally 
exposed. 
The above-mentioned residue can be procured 
in either of two ways. The first method is o 
treat a proteinaceous soybean material, which 
may be either fiakes, ground soybeans, or soy- 
beans broken or comminuted in any other 
fashion, fo remove the off. This may be .done 
by conventional procedures, such as by extrac- 
tion with petroleum ether,, hexane, or other 
similar solvent, by mechanical expulsion of the 
off, and so forth. The resulting oil-free, pro- 
teinaceous soybean mterial is then thoroughly 
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contacted with alcohol, such as by washing, fo 
extract alcohol-soluble matter. 
We have round that washing with «lcohol gives 
satisfactery results when the alcohol is employed 
in a concentration of about from 50 percent to 
absolute alcohol. We prefer to wash with about 
70 percent alcohol and attain improved results by 
repeating the wash. 
The second method involves treatflg the soy- 
10 bean material, in any of the forms mentioned 
above, with alcohol directly to extract the off 
and any other alcohol-soluble marrer prescrit. 
Thus a secondary washing with alcohol is un- 
necessary. 
1 In both the above procedures, the use of alco- 
ho!, preferably ethyl alcohol, has the effect of 
removing certain constituents among which are 
those which act as antigelling factors and whicl] 
heretofore have prevented the formation of gels 
90 from proteinaceous soybean material. 
An ideal material from which to obtain the 
gelling product is alcohol fiakes, that is, fiakes 
from which the off has been extracted by ethyl 
alcohol. Other fiakes may be used, however, 
25 such as hexane-extracted fiakes, fiakes from 
which the off has been expelled mechanically, 
and the like. If is necessary in every case te re- 
move the antigelling factors by means of an 
alcoho! wash. In the case of alcohol fiakes, how- 
30 ever, a secondary wash is hot necessary since 
these factors have been removed along with the 
off. I-Iigh temperatures should be avoided during 
processing for removal of the off from the flakes. 
In carrying out the process, the alcohol-ex- 
35 tïacted proteinaceous soybean residue prepared 
as described aboye, is mixed with water and is 
allowed te stand for a period of about one-half 
te one hour. Thereafter the insoluble, fibrous 
material is separated from the aqueous phase by 
4o conventional procedure, such as filtration or 
other suitable methods. 
The remaining aqueous phase may be evapo- 
rated, if desired, by conventional means, preïer- 
ably by spray-drying, fo produce the dry, solid, 
45 powdery gelling material. The aqueous phase if- 
self, if is contains at least 10 percent solids, or a 
similar water suspension of the dried product, 
will form the gel upon being heated. 
In general, the content of solids ranges from 
5o about 10 te 50 percent with respect to the water 
content, and the gelling temperatures range from 
150 ° P. fo boiling, the higher temperatures corre- 
sponding fo the lower ranges of solids content. 
For the purposes of this invention the content 
55 may range up fo 70 percent. 
The pPI may vary over a wide range, but too 
great acidity will prevent gelling and induce pre- 
cipitation of the proteinaceous constituents. In 
general, the pPI should be kept within the range 
60 of about from 5.0 te 9.0. 
The concentration of solids should be ai least 
about 10 percent and preferably above that in 
order te insure a satisfactory gel. This corre- 
sponds fo about 5 percent protein, since the pro- 
6 rein content of the solids varies from 50 te 60 
percent. Piigher concentration may be used as 
desired. 
The expressions "water-extracted" and "mix- 
î0 ing with water" signify use of ordinary water and 
hot aqueous protein denaturants. 
The following tabulated ex.ample illustrates the 
gelling properties of various concentrations of 
spray-dried solids added te water. In these data 
;5 the materisl used was obtained by water extrac- 
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tion of alcohol flakes and contained about 54 
percent protein. The pli of the aqueous suspen- 
sion was 6.0. 

Concentration Gelling Properties 

1 percent solids added to water ..... 
2.5 percent olids added to water___ 
5.0 percent solids added to water___ 
10.0 percent solids added to water__ 
20.0 perCeit, solids added to water-- 
40.0 percent solidsadded to water._ 

Did hot gel or precipitate. 
Did hot gel or precipitate. 
Close to gel, but solution 
evaporated H volume. 
Gel on boiling. 
Gel at 200 ° F. 
Gel st 180 ° F. 

Having thus described out invention, we claire: 
1. A process of forming a water-resistant ad- 
hesive bond comprising coating the surface of 
material tobe bonded with a 10 fo 70 percent 
aqueous dispersion of a gelable material herein- 
after defined, drying the coating to equilibrium 
with the atmosphere, the coating being dry to 
the touch, non-tacky, non-blocking, and hOt 
sensitive to ordinary atmospheric conditions of 
temperature or humidity, and thereafter apply- 
ing heat in the temperature range of 150 ° fo 275 ° 
F. and pressing the coated surface against another 
surface fo bond the two together; said gelable 
material being the water-extracted constituents 
of soybean material from which ethyl alcohol 
soluble anti-gelling substances had been removed 
by extraction with ethyl alcohol. 
2. Method of foming a water-resistant ad- 
hesive bond comprising subjecting contiguous 
articles, ai least one of which is coated with an 
air-dry film of the water-extractable constituents 
of alcohol solubles free soybean material fo a 
temperature in the range of 150 °fo 275 ° F. and 
sufltcient pressure fo insure contact between the 
articles, said constituents being the material ob- 
tained by exçracting soybean material with al- 
cohol fo remove alcohol soluble antigelling fac- 
tors, mixing the resulting oil-free gellable ma- 
terial wîth water, and removing the water 
soluble material. 
3. Method of claire 2 in which both the articles 
have been peviously coated and air dried, and 
the contact is between contiguous coated sur- 
faces. 
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4. In a method of bonding two surfaces by 
coating one or both of said surfaces with bonding 
material and applying heat and suflicient pres- 
sure fo insure contact between the two surfaces, 
5 the improvement comprising employing as the 
bonding material an air dry film o£ an aqueous 
at least ten percent solids dispersion of a gelable 
material produced by treating soybean material 
fo remove the off and the alcohol-soluble mate- 
10 rial, extracting the residue wiçh water, fo sepa= 
rate the gelable material from the water insoluble 
portion of the residue. 
5. In a method of bonding two surfaces by 
coating one or both of æaid surfaces with aqueou 
15 bonding material, permitting the material fo dry, 
and thereafter pressing the surfaces together and 
applying heat to forma bond, the improvement 
compriæing employing as the bonding material an 
air dry film of an aqueouæ ai least about 48 per- 
2O cent solids dispersion of a gelable material pro- 
duced by treating soybean material to remove the 
off and the alcohol-soluble material, extracting 
the residue with water, to separate the gelable 
material from the water insoluble portion of the 
25 residue. 
ARTHUR C. BECKEL. 
JOHN C. COWAN. 
PAUL A. BELTEI. 

3O 

35 

4O 

REFERENCES CITED 
The following references are of record in the 
file of this patent: 
UNITED STATES PATENTS 
Number Naine Date 
1,851,952 Dike .............. NIar. 29, 1932 
2,200,839 Fleck .............. May 14, 1940 
2,229,028 Sturken .......... Jan. 21, 1941 
2,421,113 Burnet et al ........ NIay 27, 1947 
2,495,706 Voss et al ........... Jan. 31, 1950 

OTHER REFERENCES 
Industr. and Engin. Chem., "Soybean Protein," 
45 Smith and Max, July 1942, pp. 817 to 820. 



